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(54) Method and apparatus for transmission power control in a CDMA communication system 



(57) Pilot symbol 1 02 1 of the first slot and TPC sym- 
bol 1022 thereof are transmitted by the same transmis- 
sion power as that one the commencement of 
transmission, and the transmission power of data sym- 
bol 1023 is made zero. In slots including and after the 
second slot, pilot symbol 1031 and TPC symbol 1032 
are transmitted at the same position as that on the com- 



mencement of transmission and by smaller transmis- 
sion power than that on the commencement of 
transmission, and further dummy signal 1033 is trans- 
mitted, as in the above, by the same transmission power 
after TPC. 
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1 EPO 

Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a CDMA (code divi- 
sion multiple access) communication system and appa- 
ratus, which are used for digital radio communications. 

Description of the Related Art 

A description is given of prior arts with reference to 
FIG. 1 through FIG. 3. 

FIG. 1 is a configurations view of mobile stations 
and base station of a conventional CDMA communica- 
tion system. In FIG. 1 , a mobile station of the CDMA 
communication system comprises of spread controller 
101 into which transmission data 100 is inputted, time 
multiplexer 103 which multiplexes output of the spread 
controller 101 , pilot symbols 102, and power control sig- 
nals (TPC) described later, CDMA modulator 104, 
transmission amplifier 105, antenna 106, SIR measure- 
ment instrument 108 which outputs the power control 
signal (TPC) 107 to the time multiplexer 103, signal 
divider 110 which outputs receiving data 109, CDMA 
demodulator 111, and synchronization retainer 112. 

In other words, the base station of CDMA commu- 
nication system is composed as in the above. That is, 
the base station of CDMA communication system is 
composed of a spread controller 201 into which trans- 
mission data 200 is inputted, time multiplexer 203 for 
multiplexing the output of the spread controller 201 , pilot 
symbol 202, and power control signal (TPC) described 
later, CDMA modulator 204, transmission amplifier 205, 
antenna 206, SIR measurement instrument 208 for out- 
putting power control signals (TPC) 207 to the time mul- 
tiplexer 203, signal divider 210 for outputting receiving 
data 209, CDMA demodulator 21 1 , and synchronization 
retainer 212. 

A description is given of transmission processing of 
a mobile station for CDMA communication system, 
which is constructed as descrfoed above. Transmission 
data 100 is spread controlled by spread controller 101. 
That is, the transmission data rate is judged, wherein if 
the rate is low, the transmission data 100 is processed 
so that a slot having a small amplitude and a long sym- 
bol length can be obtained, and if the transmission data 
rate is great, is processed so that a slot having a large 
amplitude and a short symbol length can be obtained. 
The time multiplexer 103 multiplexes the time of the 
processed results, pilot symbol 102 and power control 
signal (TPC) 107 obtained by SIR measurement instru- 
ment 108, and this is modulated for code division multi- 
ple access by CDMA modulator 104. is amplified by 
transmission amplifier 105 and is transmitted through 
antenna 106. 

For example, in a case where the transmission data 
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rate is high, data symbol 3 is transmitted by the same 
transmission power as that of pilot symbol 1 and TPC 
symbol 2 as shown in FIG. 2A. Furthermore, if there is 
no data even in a case where the transmission data rate 
5 is high, as shown in FIG. 2B, pilot symbol 1 1 and TPC 
symbol 12 are transmitted by the same transmission 
power as that on the commencement of transmission. 
However, as tor the data symbol 13, the transmission 
power is made 0. 
10 On the other hand, in a case where the transmis- 
sion data rate is low, as shown in FIG. 2C, pilot symbol 
21 and TPC symbol 22 are transmitted by the same 
transmission power as that on the commencement of 
transmission, and data symbol 23 is transmitted by 
75 small transmission power instead of lengthening the 
time length of the symbol. 

Furthermore, in a case where the transmission data 
rate is low, as shown in FIG. 2D, pilot symbol 31 and 
TPC symbol 32 are transmitted by the same transmis- 
20 sion power as that on the commencement of transmis- 
sion and data symbol 33 may be transmitted by the 
same transmission power as the above. In this case, 
since only a small quantity of data exists, the transmis- 
sion is stopped halfway 
25 With the abovementioned transmission method, the 
quality of data symbols 23 and 33 can be made equiva- 
lent to the quality of data symbol 3. 

With respect to the entirety of the transmission 
frames, if the data rate is high, the transmission power 
30 pattern becomes as shown in FIG. 3A, and if no data 
exists, the transmission power pattern becomes as 
shown in FIG. 3B. If the data rate is low, the transmis- 
sion power pattern becomes as shown in FIG. 3C and 
FIG. 3D. 

35 On the other hand, the receiving side of the base 
station receives data through antenna 206, demodu- 
lates the data by CDMA demodulator 211 and sepa- 
rates signals by signal divider 210. Using the pilot 
symbol, the synchronization retainer 212 retains syn- 
40 chronization, wherein the synchronization is retained so 
that the received signals can be demodulated in stabili- 
zation by CDMA demodulator 211. Furthermore, SIR 
(signal/interference ratio) of the reverse link circuit is 
calculated by SIR measurement instrument 203 by 
45 using the pilot symbol and TPC symbol. On the basis 
thereof, power control signal (TPC) 207 which controls 
the value of the transmission power of the reverse link 
circuit is calculated. 

Furthermore, the processing of transmission at the 
so base station side and reception at a mobile station are 
the same as those of transmission at the mobile station 
side and reception at the base station. 

As described above, with the conventional CDMA 
communication system, it is possible to transmit CDMA 
55 signals of various rates. 

However, in the abovementioned conventional 
CDMA communication system, in a case where no data 
exists and the data rate is low, the pattern of transmis- 
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sion power becomes pulse signals of a specified cycle. 
Resultantly, linear spectra of great power, which influ- 
ence other apparatuses, are generated in specified fre- 
quency constituents, and such a problem arises, by 
which adverse influences are exerted onto peripheral 5 
devices which are easily subjected to receive influences 
from cyclic signals. 

SUMMARY OF THE INVENTION 

10 

It is therefore an object of the invention to provide a 
CDMA communication system in which no specified 
cyclic pulse signal is generated even in a case where no 
transmission data exists and where the transmission 
data rate is low. 15 

The object is achieved by a CDMA communication 
apparatus provided with rate judging means which 
judges the rate of transmission data by the first slot of 
transmission frame, level controlling means which car- 
ries out processing by which the transmission power of 20 
transmission control information given to the top of the 
respective slots after the second slot is made identical 
to that of the transmission data, and transmission 
means for transmitting frames processed by uniform 
transmission power responsive to the result of judge- 2s 
ment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a configuration^ view of a conventional 30 
CDMA communication apparatus; 
FIG. 2A to FIG. 2D are diagrams of conventional 
signal formats; 

FIG. 3A to FIG. 3D are diagrams of conventional 
transmission power patterns; 35 
FIG. 4 is a configuration^ view of a CDMA commu- 
nication apparatus according to a first embodiment 
of the invention; 

FIG. 5A to FIG. 5G are diagrams of signal formats 
used in the first embodiment; *o 
FIG. 6A to 6C are diagrams of transmission power 
patterns used in the first embodiment; 
FIG. 7 is a conf igurational view of a CDMA commu- 
nication apparatus according to a second embodi- 
ment of the invention; 

FIG. 8A to FIG. 8G are diagrams of signal formats 
used in the second embodiment; 
FIG. 9A to FIG. 9C are diagrams of transmission 
power patterns used in the second embodiment; 
FIG. 10 is a conf igurational view of a CDMA com- 
munication apparatus according to a third embodi- 
ment of the invention; 

FIG. 11A to 11G are diagrams of signal formats 
used in the third embodiment; 
FIG. 12A and FIG. 12B are diagrams of transmis- 
sion power patterns used in the third embodiment; 
FIG. 13 is a conf igurational view of a CDMA com- 
munication apparatus according to a fourth embod- 



iment of the invention; 

FIG. 14A to FIG. 14G are diagrams of signal for- 
mats used in the fourth embodiment; 
FIG. 15A and FIG. 15B are diagrams of transmis- 
sion power patterns used in the fourth embodiment; 
FIG. 16A and FIG. 16B are diagrams of signal for- 
mats of the first slot; 

FIG. 17 is a conf igurational view of a CDMA com- 
munication apparatus according io a fifth embodi- 
ment of the invention; and 

FIG. 18A to FIG. 21 B are diagrams of signal for- 
mats used in the fifth embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A CDMA communication apparatus according to 
the invention comprises a rate judging section which 
judges the rate of transmission data by the first slot of 
transmission frame, a level controlling section which 
carries out processing by which the transmission power 
of transmission control information given to the top of 
the respective slots after the second slot is made identi- 
cal to that of the transmission data, and a transmission 
section for transmitting frames processed by uniform 
transmission power responsive to the result of judge- 
ment 

With this construction, since it is possible to trans- 
mit transmission frames by uniform transmission power 
even though the transmission data rate is high, or low, 
or no transmission data exists, generation of specified 
cyclic pulses can be suppressed, and it is possible to 
prevent peripheral devices, which are easily subjected 
to receive influences from cyclic signals, from being 
adversely influenced. 

Furthermore, in the CDMA communication appara- 
tus according to the invention, the level controlling sec- 
tion may be provided with a multiplexing section which 
multiplexes dummy signals onto transmission frames if 
no transmission data exists. 

With this construction, even though no transmission 
data is given, it is possible to transmit transmission 
frames by uniform transmission power. Therefore, gen- 
eration of specified cyclic pulses can be suppressed, 
and it is possible to prevent peripheral devices, which 
are easily subjected to receive influences from cyclic 
signals, from being adversely influenced. 

Furthermore, the CDMA communication apparatus 
according to the invention may be provided with a rate 
judging section for judging the transmission data rate by 
the first slot of transmission frame; a spread controlling 
section which spreads transmission controlling informa- 
tion, which constitutes the respective slots after the sec- 
ond slot, and transmission data to the entirety of slot; a 
transmission section for transmitting a frame constituted 
by a slot spread by uniform transmission power respon- 
sive to the result of judgement 

With this construction, the transmission controlling 
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information and transmission data can be spread to the 
entirety of slot, and the transmission frame can be 
transmitted by uniform transmission power. Resultantly, 
it is possible to suppress generation of specified cyclic 
pulses, and it is possible to prevent peripheral devices, 5 
which are easily subjected to receive influences from 
cyclic signals, from being adversely influenced. 

Furthermore, in the CDMA communication appara- 
tus according to the invention, the spread controlling 
section may spread the transmission controlling irrfor- 10 
mation to the entirety of slot in a case where no trans- 
mission data is given. 

With this construction, even in a case where no 
transmission data is given, the transmission controlling 
information and transmission data can be spread to the 15 
entirety of slot, wherein the transmission frame can be 
transmitted by uniform transmission power. Resultantly, 
it is possible to suppress generation of specified cyclic 
pulses, and it is possible to prevent peripheral devices, 
which are easily subjected to receive influences from 20 
cyclic signals, from being adversely influenced. Still fur- 
thermore, since it is not necessary for transmit dummy 
signals, influences exerting onto other users can be 
suppressed to be low. 

In the CDMA communication apparatus according 25 
to the present invention, in the case that the rate of the 
transmission data is low. the transmission section trans- 
mits the transmission controlling information and trans- 
mission data by the first slot by the same transmission 
power and control may be carried out so that the trans- 30 
mission is brought to an end immediately after the trans- 
mission data is transmitted. 

With this construction, even in a case where the 
transmission data rate is low, since slots including and 
after the second slot are suppressed by uniform trans- 35 
mission power, generation of specified cyclic pulses is 
suppressed, and it is possible to prevent peripheral 
devices, which are easily subjected to receive influ- 
ences from cyclic signals, from being adversely influ- 
enced. 40 

Furthermore, the CDMA communication apparatus 
according to the invention may be provided with a rate 
change judging section for judging whether or not the 
transmission data rate changes, and a transmission 
controlling sections which, in a case where the rate is 45 
not changed, transmits transmission controlling infor- 
mation of the first slot of the next frame by the same 
transmission power as that of the frame being transmit- 
ted, and, in a case where the rate is changed, transmits 
transmission controlling information of the next first slot so 
by the same transmission power as that on the com- 
mencement of transmission, according to the result of 
judgement. 

With this construction, only in a case where the 
transmission data rate is changed, transmission control- 55 
ling information is transmitted by the first slot of the 
respective frames by the same transmission power as 
that on the commencement of transmission, and in a 
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case where the transmission data rate is not changed, 
the transmission controlling information and transmis- 
sion data can be transmitted by uniform transmission 
power. Resultantly, even in a case where no transmis- 
sion data is given, generation of pitch signals by frame 
can be prevented, and generation of specified cyclic 
pulses can be suppressed. Furthermore, it is possible to 
prevent peripheral devices, which are easily subjected 
to receive influences from cyclic signals, from being 
adversely influenced. 

Furthermore, in the CDMA communication appara- 
tus according to the invention, the transmission control- 
ling section may transmit, at random, transmission 
controlling information of the first slot of transmission 
frames by the same transmission power as that on the 
commencement of transmission in a case where trans- 
mission is continuously transmitted by the same trans- 
mission power. 

With this construction, since in a case where trans- 
mission is continuously transmitted by the same trans- 
mission power the transmission controlling information 
can be transmitted at random by the same transmission 
power as that on the commencement of transmission, it 
is possible to correct an erroneous state even though a 
mistake arises in the rate judgement when the transmis- 
sion data rate is changed. 

Furthermore, in the CDMA communication appara- 
tus according to the invention, the transmission control- 
ling information may include a pilot symbol and a power 
controlling signal. With this construction, it is possible to 
securely carry out transmission receiving of a frame 
including a plurality of slots. 

Furthermore, in the CDMA communication appara- 
tus according to the invention, on the basis of the result 
of judgement, in a case where no transmission data is 
given, transmission controlling information of the first 
slot and specified pattern data can be transmitted by the 
same transmission power, and in a case where the 
transmission data rate is low, transmission data may be 
repeatedly transmitted along with transmission of the 
transmission controlling information and transmission 
data. 

With this construction, since it is possible to carry 
out pattern matching at the receiving side, the receiving 
side can easily judge the transmission data rate in the 
first slot. 

Furthermore, the CDMA communication apparatus 
is applicable to a mobile station apparatus and a base 
station apparatus. The mobile station apparatus and 
base station apparatus constitute a CDMA communica- 
tion system. 

With this construction, even in a case where the 
transmission data rate is high or low, and where no 
transmission data is given, transmission frames can be 
transmitted by uniform transmission power. Therefore, 
generation of specified cyclic pulses can be sup- 
pressed, and it is possible to prevent peripheral devices, 
which are easily subjected to receive influences from 
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cyclic signals, from being adversely influenced. 

A CDMA communication method according to the 
invention is able to judge the transmission data rate by 
the first slot of a transmission frame, and transmit trans- 
mission controlling information, which is transmitted by 
slots including and after the second slot, and transmit 
transmission data responsive to the result of the above- 
mentioned judgement. 

By this method, even in a case where the Transmis- 
sion data rate is high or low, and where no transmission 
data is given, transmission frames can be transmitted 
by uniform transmission power. Therefore, generation of 
specified cyclic pulses can be suppressed, and it is pos- 
sible to prevent peripheral devices, which are easily 
subjected to receive influences from cyclic signals, from 
being adversely influenced. 

In the CDMA communication method according to 
the invention, when no transmission data is given in 
compliance with the result of judgement, only the trans- 
mission controlling information is transmitted by the first 
stot, wherein the transmission controlling information to 
be transmitted by slots including and after the second 
slot may be transmitted by smaller transmission power 
than the transmission power of the first slot, and dummy 
signals may be transmitted by the same transmission 
power as the smaller transmission power. 

By this method, in a case where no transmission 
data is given, rt is possible to transmit transmission 
frames by uniform transmission power. Therefore, gen- 
eration of specified cyclic pulses can be suppressed, 
and it is possible to prevent peripheral devices, which 
are easily subjected to receive influences from cyclic 
signals, from being adversely influenced. 

Furthermore, in the CDMA communication method 
according to the invention, in a case where the trans- 
mission data rate is low in compliance with the result of 
judgement, the transmission controlling information and 
transmission data may be transmitted by the first slot, 
wherein in slots including and after the second slot, the 
transmission controlling information and transmission 
data may be transmitted after the sum of the symbol 
length of the transmission controlling information and 
transmission data is made equal to the slot length. 

By this method, even in a case where the transmis- 
sion data rate is low, it is possible to make the sum of 
the symbol length of the transmission controlling infor- 
mation and transmission data equal to the stot length, 
wherein transmission frames can be transmitted by uni- 
form transmission power. Therefore, generation of 
specified cyclic pulses can be suppressed, and it is pos- 
sible to prevent peripheral devices, which are easily 
subjected to receive influences from cyclic signals, from 
being adversely influenced. 

In the CDMA communication method according to 
the invention, in a case where the transmission data 
rate is low in compliance with the result of judgement, 
the transmission controlling information and transmis- 
sion data are transmitted by the first slot by the same 



transmission power, and the transmission may be 
brought to an end on the way immediately after the 
transmission of the abovementioned transmission data 
is finished. 

5 By this method, even in a case where the transmis- 

sion data rate is low, since slots including and after the 
second slot are suppressed by uniform transmission 
power. Therefore, generation of specified cyclic pulses 
can be suppressed, and it is possible to prevent periph- 

io eral devices, which are easily subjected to receive influ- 
ences from cyclic signals, from being adversely 
influenced. 

Furthermore, in the CDMA communication method 
according to the invention, in a case where no transmis- 

15 sion data is given, only the transmission controlling 
information is transmitted by the first slot, and the trans- 
mission controlling information to be transmitted by 
slots including and after the second slot may be spread 
to the entirety of slot for transmission. 

20 By this method, even in a case where no transmis- 
sion data is given, the transmission controlling informa- 
tion and transmission data can be spread to the entirety 
of slot and transmission frames can be transmitted by 
uniform transmission power. Therefore, generation of 

25 specified cyclic pulses can be suppressed, and it is pos- 
sible to prevent peripheral devices, which are easily 
subjected to receive influences from cyclic signals, from 
being adversely influenced. Still furthermore, since it is 
not necessary to transmit any dummy signal, influences 

30 exerted onto other users can be suppressed to be low. 

Furthermore, in the CDMA communication method 
according to the invention, in a case where the trans- 
mission data rate is low in compliance with the result of 
judgement, the transmission controlling information and 

35 transmission data are transmitted by the first slot and 
the transmission controlling information and transmis- 
sion data may be spread to the entirety of slot for trans- 
mission in slots including and after the second slot 
By this method, the transmission controlling infor- 

40 mation and transmission data in slots including and 
after the second slot can be spread to the entirety of 
slot, and transmission frames can be transmitted by uni- 
form transmission power. Therefore, generation of 
specified cyclic pulses can be suppressed, and it is pos- 

45 sible to prevent peripheral devices, which are easily 
subjected to receive influences from cyclic signals, from 
being adversely influenced. 

Furthermore, in the CDMA communication method 
according to the invention, in a case where no transmis- 

so sion data is given in compliance with the result of judge- 
ment, transmission controlling information and specified 
pattern data may be transmitted by the first slot by the 
same transmission power. Furthermore, in the CDMA 
communication method according to the invention, in a 

55 case where the transmission data rate is low in compli- 
ance with the result of judgement, the same transmis- 
sion data may be further repeatedly transmitted along 
with the transmission of transmission controlling infer- 
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mation and specified pattern data by the first slot 

By such a method, it is possible to carry out pattern 
matching at the receiving side. Resuttantly, the receiv- 
ing side is able to easily judge the transmission data 
rate at the first slot. 

Furthermore, in the CDMA communication method 
according to the invention, it is judged whether or not 
the transmission data rate changes. If not changed, the 
transmission controlling information of the first slot of 
the next frame is transmitted by the same transmission 
power as that of the frame being transmitted, and if 
changed, the transmission controlling information of the 
next first slot may be transmitted by the same transmis- 
sion power as that on the commencement of transmis- 
sion. 

By this method, only in a case where the transmis- 
sion rate is changed, the transmission controlling infor- 
mation is transmitted by the first slot of the respective 
frames by the transmission power which is available on 
the commencement of transmission, and in a case 
where the transmission rate is not changed, the trans- 
mission controlling information and transmission data 
can be transmitted by uniform transmission power. 
Therefore, in a case where a silent state is continued, 
that is, no transmission data is given, it is possible to 
prevent by-frame pitch signals from being generated, 
and generation of specified cyclic pulses can be sup- 
pressed, and it is possible to prevent peripheral devices, 
which are easily subjected to receive influences from 
cyclic signals, from being adversely influenced. 

Still furthermore, in the CDMA communication 
method according to the invention, when transmission is 
continuously carried out by the same transmission 
power, the transmission controlling information of the 
first slot of a transmission frame may be transmitted, at 
random, by the same transmission power as that on the 
commencement of transmission. 

By this method, in a case where transmission is 
continuously carried out by the same transmission 
power, it is possible to transmit transmission controlling 
information at random by the transmission power which 
is available on the commencement of transmission. 
Therefore, even though the judgement is erroneous 
when the transmission rate is changed, this erroneous 
state can be corrected. 

Furthermore, in the CDMA communication method 
according to the invention, the transmission controlling 
information may include a pilot symbol and a power con- 
trolling signal. By this method, it is possible to securely 
carry out transmission and receiving, which are com- 
posed of a plurality of slots. 

Hereinafter, a detailed description is given of pre- 
ferred embodiments of the invention with reference to 
the accompanying drawings. 

(Embodiment 1) 

In the first embodiment of the invention, a descrip- 



tion is given of a case where a pilot symbol and a TPC 
(power controlling signal) symbol are transmitted to a 
fixed position at a fixed transmission power in only the 
top slot of a frame, not depending on a rate, symbols 

s other than the above are transmitted in response to the 
rate, and further in slots including and after the second 
slot a pilot symbol and a TPC (power controlling signal) 
symbol are transmitted by a transmission power respon- 
sive to the data rate along with data without changing 

10 the positions thereof. Thereby, generation of pulses in 
every slot can be prevented, wherein unnecessary lin- 
ear spectra can be suppressed. 

FIG. 4 is a configurational view showing a mobile 
station apparatus and a base station apparatus of a 

15 CDMA communication system according to the first 
embodiment In FIG. 4, a mobile station of the CDMA 
communication system is mainly composed of a spread 
controller 1101 into which transmission data 1100 is 
inputted; a level controller 1113 into which pilot symbol 

20 1102 is inputted; a level controller 1114 into which 
power controlling signal (TPC) 1107 is inputted; a time 
multiplexer 1103 for multiplexing the output of spread 
controller 1101, level controller 1113, and level control- 
ler 1114, with dummy signal 1 1 15; a CDMA modulator 

25 1 104; a transmission amplifier 1 105; an antenna 1 106; 
an SIR measurement instrument 1 108 for outputting the 
power controlling signal (TPC) 1107 to the time multi- 
plexer 1103; a signal divider 1 110 for outputting receiv- 
ing data 1109; a CDMA demodulator 1111; and a 

30 synchronization retainer 1112. 

On the other hand, a base station of the CDMA 
communication system is mainly composed of a spread 
controller 1201 into which transmission data 1200 is 
inputted; a time multiplexer 1203 for multiplexing the 

35 output of spread controller 1 201 , pilot symbol 1202, and 
power controlling signal (TPC) 1207 described later; a 
CDMA modulator 1204; a transmission amplifier 1205; 
an antenna 1206; an SIR measurement instrument 
1208 for outputting the power controlling signal (TPC) 

40 1207 to time multiplexer 1203; a signal divider 1210 for 
outputting receiving data 1209; a CDMA demodulator 
121 1 ; and a synchronization retainer 1212. 

Next, a description is given of transmission 
processing of a mobile station. Transmission data 11 00 

45 is controlled for spread by spread controller 1101. That 
is, if the transmission rate is low, the data is processed 
so that the same has a small amplitude and a long sym- 
bol length, and if the transmission rate is high, the data 
is processed so that the same has a large amplitude 

so and a short symbol length. 

The amplitude of pilot symbol 1 102 is processed by 
level controller 1 1 13 so as to have the same amplitude 
as that of the data, and the amplitude of power control- 
ling signal (TPC) 1107 is processed by level controller 

55 1 1 14 so as to have the same amplitude as that of the 
data. In time multiplexer 1 103, time multiplexing is given 
to these results and dummy signals 1115, and this is 
CDMA-modulated by CDMA modulator 1 104 and ampfi- 
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tied by transmission amplifier 1105. Thereafter, the 
same is transmitted through antenna 1 106. 

Next, a description is given of signal format with ref- 
erence to FIG. 5, wherein a plurality of slots are defined 
to be a frame, and it is assumed that the transmission 
rate is fixed in a frame. In a case where the transmission 
data rate is high, as shown in FIG. 5A, pilot symbol 
1001, TPC symbol 1002 and data symbol 1003 are 
transmitted by the same transmission power in only the 
first slot. In this case, as shown in FIG. 5B, pilot symbol 
1011, TPC symbol 1012 and data symbol 1013 are 
transmitted by the same transmission power in slots 
including and after the second slot. Furthermore, if no 
transmission data is given, as shown in FIG. 5C, the 
pilot symbol 1021 and TPC symbol 1022 of the first slot 
are transmitted by the same transmission power as that 
on the commencement of transmission, the transmis- 
sion power of the data symbol 1023 is made zero. 

On the other hand, as shown in FIG. 5D, in a case 
where no data is given, pilot symbol 1031 and TPC 
symbol 1032 are transmitted in slots including and after 
the second slot at the same position as that shown in 
FIG. 5A by smaller transmission power than that shown 
in FIG. 5A, and a dummy signal is further transmitted, 
as in the above, by the same transmission power after 
the TPC. 

Furthermore, if the transmission rate is low, as 
shown in FIG. 5E. pilot symbol 1041 and TPC symbol 
1042 of the first slot are transmitted by the same trans- 
mission power as that on the commencement of trans- 
mission, and with respect to data symbol 1043, the 
same is transmitted by small transmission power 
instead* of lengthening the time length of symbol. 

Furthermore, if the data rate is low. as shown in 
FIG. 5F, pilot symbol 1061, TPC symbol 1062, and data 
symbol 1063 are transmitted by the same transmission 
power as that on the commencement of transmission, 
and the transmission may be brought to an end on the 
way since data is a little. 

Still furthermore, if the transmission rate is low, as 
shown in FIG. 5G, pilot symbol 1051, TPC signal 1052 
and data symbol 1053 are transmitted by the same 
transmission power for slots including and after the sec- 
ond slot so as to make the sum of the symbol length 
equal to the slot length, wherein the transmission power 
may be adjusted so that the quality of the data symbol 
1 053 is made the same as that of the data symbol 1 003. 

Next, a description is given of the entirety of frame 
with reference to FIG. 6. If the data rate is high, the 
transmission power pattern becomes as shown in FIG. 
6A, and the transmission power of transmission bit 1071 
becomes the same as that of the data 1073. If no data 
is given, the transmission power pattern becomes as 
shown in FIG. 6B, wherein the transmission power of 
the transmission power bit 1 071 and empty data 1 072 in 
slots including and after the second slot is low while the 
transmission power of only the transmission controlling 
bit 1 071 of the first slot is high. In a case where the data 



rate is low, the transmission power pattern becomes as 
shown in FIG. 6C. wherein the transmission power of 
the transmission controlling bit and data 1073 in slots 
including and after the second slot is low while the 

5 transmission power of only the transmission controlling 
bit 1071 of the first slot is high. In either case, the trans- 
mission power is made uniform in slots including and 
after the second slot 

From the above, since no cyclic signal repeating by 

10 slot time exists in any data rate, it is possible to prevent 
peripheral devices, which are easily subjected to 
receive influences from cyclic signals, from being 
adversely influenced. 

On the other hand, the receiving side of a base sta- 

15 tion receives data through antenna 1206, demodulates 
by CDMA demodulator 121 1. and separates signals by 
signal divider 1210. Using the pilot symbol, synchroni- 
zation retainer 1212 retains synchronization, wherein 
the synchronization can be retained so that the received 

20 signals are stably demodulated by CDMA demodulator 
1211. Furthermore, using the pilot symbol and TPC 
symbol, SIR (signal/interference ratio) of the reverse 
link circuit is calculated by SIR measurement instrument 
1208. On the basis thereof, the power controlling signal 

25 (TPC) 1207 which controls the value of the transmission 
power of the reverse link circuit is calculated. 

Furthermore, the transmission at the base station 
side and receiving the mobile station side are similar to 
the transmission at the base station side and receiving 

30 at the mobile station side according to prior art. Further- 
more, since such a problem by which peripheral devices 
influenced by cyclic signals are adversely influenced, 
arises in only the reverse link circuit, signals in the for- 
ward link drcuit are processed as before. 

35 Transmission data 1200 is spread-controlled by 
spread controller 1201 . That is. if the transmission data 
rate is low, the transmission data is processed so that 
the same has a small amplitude and a long symbol 
length, and if the transmission data rate is high, the 

40 transmission data is processed so that it has a large 
amplitude and a short symbol length. As a result, the 
time multiplexer 1203 multiplexes the pilot symbol 1202 
and the power controlling signal (TPC) 1207 obtained 
by SIR measurement instrument 1208. the transmission 

45 data is CDMA-modulated by CDMA modulator 1204, is 
amplified by transmission amplifier 1205, and is trans- 
mitted through antenna 1206. 

The receiving side of a mobile station receives data 
through antenna 1106, demodulates the same by 

so CDMA demodulator 1111, and separates signals by sig- 
nal divider 1110. Synchronization retainer 1112 retains 
synchronization by using pilot symbols, wherein syn- 
chronization is retained so that the received signals can 
be stably demodulated by CDMA demodulator 1111. 

55 Furthermore, using the pilot symbols and TPC symbols, 
SIR (signal/interference ratio) of the reverse link circuit 
is calculated by SIR measurement instrument 1108. On 
the basis thereof, the power controlling signal (TPC) 
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i 107 which controls the value of transmission power of 
the reverse fink circuit is calculated. 

As described above, since the pilot symbol and 
power controlling signal of the first slot are fixed regard- 
less of rate, it is possible to carry out the SIR measure- 
ment and power control of the section without any delay. 
Furthermore, by measuring the transmission power of 
the section coming after the TPC of the first slot, it is 
possible to judge the rate of transmission data. There- 
fore, in slots including and after the second slot, the 
transmission control can be carried out by using the 
result of judgement, and it is possible to prevent cyclic 
pulses from being generated due to the pilot symbols 
and TPC at every slot. Resultantly, it is possible to pre- 
vent peripheral devices, which are subjected to receive 
influences by cyclic signals, from being adversely influ- 
enced thereby. 

(Embodiment 2) 

In the second embodiment of the invention, a 
description is given of a case where a pilot symbol and 
a TPC (power controlling signal) symbol are transmitted 
to a fixed position at a fixed transmission power in only 
the top slot of a frame, not depending on a rate, symbols 
other than the above are transmitted in response to the 
rate, and further in slots including and after the second 
slot, data of the pilot symbol and TPC (power controlling 
signal) symbol are transmitted by the transmission 
power and symbol time responsive to the data rate. 
Thereby, generation of pulses in every slot can be pre- 
vented, wherein unnecessary linear spectra can be sup- 
pressed, and it is possible to transmit pilot signals and 
TPC at a sufficient quality. 

FIG. 7 is a configurational view showing a mobile 
station and a base station of the CDMA communication 
system according to the second embodiment. In FIG. 7, 
spread controllers 2113, 21 14 are provided instead of 
level controllers 1113. 1114 constructed as shown in 
FIG. 4. All the other construction is the same as that 
shown in FIG. 4. and the description thereof is omitted. 

A description is given of a transmission processing 
of a mobile station of the CDMA communication system 
according to the second embodiment constructed as 
described above. Transmission data 1100 is spread- 
controlled by spread controller 1101. That is, if the 
transmission data rate is tow, the transmission data is 
processed so as to have a small amplitude and a longer 
symbol length, and if the transmission data rate is high, 
the transmission data is processed so as to have a large 
amplitude and a short symbol length. The pilot symbol 
2102 and power control signal 1107 are spread to the 
entirety of transmission slot along with the transmission 
data by spread controllers 21 13, 21 14. 

Time multiplexer 1 103 multiplexes the output of the 
abovementioned spread controllers 1101, 2113. 2114 
and the multiplexed outputs are CDMA modulated by 
CDMA modulator 1104, amplified by transmission 



14 

amplifier 1 105 and transmitted through antenna 1 106. 

Next, a description is given of signal format with ref- 
erence to FIG. 8. Herein, a plurality of slots are defined 
to be a frame, and it is assumed that the transmission 

5 rate is fixed in a frame, ff the transmission data frame is 
high, as shown in FIG. 8A. in only the first slot, pilot 
symbol 201 1 , TPC symbol 2012, and data symbol 2013 
are transmitted by the same transmission power. In this 
case, in slots including and after the second slot, as 

10 shown in FIG. 8B, pilot symbol 2001 , TPC symbol 2002, 
and data symbol 2003 are transmitted by the same 
transmission power. 

Furthermore, if no transmission data is given, as 
shown in FIG. 8C, pilot symbol 2021 and TPC symbol 

is 2022 of the first slot are transmitted by the same trans- 
mission power as that on the commencement of trans- 
mission, and the transmission power of data symbol 
2023 is made zero. On the other hand, as shown in FIG. 
8D, if no data is given, pilot symbol 2031 and TPC sym- 

20 bol 2032 are spread to the entirety of slot in slots includ- 
ing and after the second slot, and they are transmitted 
by smaller transmission power than in the case shown 
in FIG. 8A. 

Furthermore, if the data rate is low, as shown in 

25 FIG. 8E, pilot symbol 2041 and TPC symbol 2042 of the 
first slot are transmitted by the same transmission 
power, as that on the commencement of transmission, 
wherein data symbol 2043 is transmitted with small 
transmission power instead of lengthening the symbol 

30 time length. Thereby, the quality of data symbol 2043 
can be made equivalent to that of data symbol 2013. 

Furthermore, if the data rate is low, as shown in 
FIG. 8F, pilot symbol 2061 and TPC symbol 2062 may 
be transmitted by the same transmission power as that 

35 on the commencement of transmission and data symbol 
2063 may be transmitted by the same transmission 
power. In this case, since the data is a little, the trans- 
mission is brought to an end on the way. Thereby, the 
quality of data symbol 2063 can be made equal to that 

40 of data symbol 20 1 3. 

Furthermore, if the data rate is low, as shown in 
FIG. 8G t pilot symbol 2051 1 TPC signal 2052, and data 
symbol 2053 are transmitted by the transmission power 
in slots including and after the second slot, and the sym- 

45 bol length is processed so that the sum of these lengths 
becomes a slot length. Furthermore, the transmission 
power is adjusted so that the quality of data symbol 
2053 becomes the same as that of data symbol 2013. 
Next, a description is given of the entirety of a frame 

so with reference to FIG. 9. If the data rate is high, the 
transmission power pattern becomes as shown in FIG. 
9A, wherein the transmission power of transmission 
controlling bit 2071 becomes the same as that of data 
2073. If no data is given, the transmission power pattern 

55 becomes as shown in FIG. 9B. wherein the transmis- 
sion power of only the transmission controlling bit 2071 
of the first slot is high, and the transmission power of the 
transmission power bit 2071 of slots including and after 
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the second slot is low. If the data rate is low, the trans- 
mission power pattern becomes as shown in FIG. 6C, 
wherein the transmission power of only the transmission 
controlling bit 2071 of the first slot is high, and the trans- 
mission power of the transmission controlling bit 2071 
and data 2073 of slots including and after the second 
slot is low. In any case, the transmission power of slots 
including and after the second slot becomes uniform. 
Furthermore, since the processing of a base station is 
identical to that of the first embodiment, the description 
thereof is omitted. 

From the above description, since there is no cyclic 
signal repeating in the slot time in any data rate, it is 
possible to prevent peripheral devices, which are sub- 
jected to receive influences from cycle signals, from 
being adversely influenced. 

(Embodiment 3) 

In the third embodiment, a description is given of a 
case where pilot symbol and TPC (power controlling 
signal) symbol are transmitted by a fixed transmission 
power to a fixed position in the top slot of frame, not 
depending on the rate, all the other symbols are trans- 
mitted in response to rates, and further pilot symbol and 
TPC (power controlling signal) symbol are transmitted 
by transmission power responsive to the data rate along 
with data without changing the positions thereof. 

Thereby, it is possible to prevent pulses from occur- 
ring slot by slot, wherein unnecessary linear spectra 
can be suppressed. Furthermore, even in a case where 
a state where no data is given is continued, it is possible 
to suppress frame-by-frame linear spectra due to cyclic 
signals by causing irregular pulses not to be produced. 

FIG. 10 is a configurations! view showing a mobile 
station and a base station of the CDMA communication 
system according to the third embodiment. In FIG. 10, 
frame counters 3116, 3216 and pattern storing section 
31 1 5, 3215 are added to the construction shown in FIG. 
4. 

These frame counters 31 16, 3216 are for counting 
to which frame of super frame the frame belongs, which 
transmits pilot symbol and TPC (power controlling sig- 
nal) symbol (transmission controlling information) of the 
first slot at random by the same transmission power as 
that on the commencement of transmission. Frame 
counter 3216 in the base station independently oper- 
ates. On the other hand, frame counter 31 16 in a mobile 
station acquires synchronization by synchronization 
retainer 31 12 and is caused to operate on the basis of 
the synchronization signal. Therefore, the same is in 
synchronization with frame counter 3216 in the base 
station. 

Furthermore, pattern storing section 3115 at the 
mobile station side and that at the base station side are 
of the same construction. Pattern storing section 3115, 
321 5 stores, in memory, whether or not special format is 
used in the first slot even in a case where the same rate 



is continued. Here, the special format section a signal 
format in a case where the transmission controlling 
information is transmitted by the same transmission 
power as that on the commencement of transmission. 

s Spread controller 1101., level controller 1113. and 
level controller 1114 control a format in compliance with 
the output of pattern storing section 31 1 5. 

Furthermore, synchronization retainer 1212 at the 
base station side is constructed so that the same can 

10 generate a receiving timing in compliance with the out- 
put pattern storing section 3215 and accurately receive 
the reverse link signal by CDMA demodulator 1211. All 
the other construction is identical to that of the first 
embodiment. Therefore, the description thereof is omit- 

is ted. 

In the first embodiment, if a silent state is continued 
since a special format is applied in all the first slots, 
there is a case where a frame-by-frame pitch signal is 
generated. Therefore, in the third embodiment a spe- 

20 bal format is employed in the first slot in only a case 
where the transmission rate is changed. 

However, if it is assumed that the transmission rate 
is erroneous when the signal rate is changed, the state 
is continued until the rate is changed next. Therefore, a 

25 special format is employed for the first slot in specified 
frames even though the signal rate is not changed. That 
is. the transmission controlling information of the first 
slot is transmitted at random by the transmission power 
which is available on the commencement of transmis- 

30 sion. A pattern of a unit of super frame in which a plural- 
ity of frames are composed as a unit is employed to this 
pattern, and a random pattern is employed, in which 
super frame is used as a cycle. Thereby, it is possible to 
suppress components having frame-by-frame pitches 

35 when the same rate is continued in the first embodi- 
ment. 

Next, a description is given of signal format with ref- 
erence to FIG. 11, wherein a plurality of slots are 
defined to be a frame, and it is assumed that the trans- 
40 mission rate is fixed in a frame. 

In a case where the rate of the transmission data is 
high, as shown in FIG. 11 A, pilot symbol 3001, TPC 
symbol 3002 and data symbol 3003 are transmitted by 
the same transmission power in only the first slot. In this 
45 case, in slots including and after the second slot, pilot 
symbol 301 1 , TPC symbol 3012 and data symbol 3013 
are transmitted by the same transmission power as 
shown in FIG. 1 1 B. Furthermore, if no data is given, 
pilot symbol 3021 and TPC symbol 3022 are transmit- 
so ted by the same transmission power as that on the com- 
mencement of transmission as shown in FIG. 11 C. and 
the transmission power of the data symbol 3023 is 
made zero. 

On the other hand, as shown in FIG. 1 1 D. in slots 
55 including and after the second slot where no data is 
given, pilot symbol 3031 and TPC 3032 are transmitted 
at the same position as that shown in FIG. 1 1 A and by 
smaller transmission power than that shown in FIG. 
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11 A. Still furthermore, dummy signal 3033 is transmit- 
ted, as in the above, by the same transmission power 
after the TPC is transmitted. 

Furthermore, if the data rate is low, pilot symbol 
3041 and TPC symbol 3042 of the first slot are transmit- 
ted by the same transmission power as that on the com- 
mencement of transmission as shown in FIG. 1 1E, and 
the data symbol 3043 is transmitted by small transmis- 
sion power instead of lengthening the symbol time 
length. 

Furthermore, if the data rate is low, pilot symbol 
3061, TPC symbol 3062 and data symbol 3063 may be 
transmitted by the same transmission power as that on 
the commencement of transmission as shown in FIG. 
1 1F. In this case, the transmission is brought to an end 
on the way since the data is a little. 

Still furthermore, if the data rate is low, in slots 
including and after the second slot, pilot symbol 3051, 
TPC symbol 3052 and data symbol 3053 are transmit- 
ted by the same transmission as shown in FIG. 11 G so 
that the sum of the symbol lengths becomes a slot 
length, wherein the transmission power may be 
adjusted so that the quality of the data symbol 3053 
becomes equivalent to that of data symbol 3003. 

Next, a description is given of the entirety of frame 
with reference to FIG. 12. As shown in FIG. 12 A, since 
the data rate is changed when shifting from the first 
frame 3001 being a sound range to the second frame 
3002 being a silent range, a spedal format is employed 
for the first slot of the second frame. 

Since the data rate is not changed from when shift- 
ing from the second frame 3002 to the third frame 3003, 
no special format is employed for the first slot of the third 
frame. For this reason, even in a case where no data is 
given, the transmission controlling information is able to 
prevent pulse-like signals from being generated. 
Although the data rate is not changed when shifting 
from the third frame 3003 to the fourth frame 3004, a 
spedal format is employed for the first slot of the fourth 
frame. Thereby, even though the rate judgement is 
made erroneous, the correction is posstole. 

Since the data rate is changed when shifting from 
the fourth frame 3004 to the fifth frame 3005, a special 
format is employed for the first slot of the fifth frame. 
Furthermore, as shown in FIG. 1 2B, in a case where a 
silent state is continued, transmission controlling infor- 
mation is transmitted at random in the first slot of the 
respective frames by the transmission power which is 
available on the commencement of transmission. 
Therefore, even though the rate judgement is made 
erroneous, the correction is possible. 

(Embodiment 4) 

In the fourth embodiment, a description is given of 
a case where pilot symbol and TPC (power controlling 
signal) symbol are transmitted to a fixed position by a 
fixed transmission power regardless of the rate, and all 



the other symbols are transmitted in response to the 
rate, and further in slots including and after the second 
slot, pilot symbol and TPC (power controlling signal) 
symbol are transmitted by the transmission power 

5 responsive to the data rate along with data without 
changing the positions thereof. 

Thereby, it is possible to prevent pulses from being 
generated in every slot. Furthermore, pilot symbol and 
TPC can be transmitted at a sufficient quality, and even 

10 in a case where a data-free state is continued, it is pos- 
sible to suppress linear spectra due to frame-by-frame 
cyclic signals by preventing irregular pulses from being 
generated. 

FIG. 13 is a configurational view showing a mobile 

is station and a base station of the CDMA communication 
system according to the fourth embodiment. In FIG. 13, 
frame counters 4116, 4216 and pattern storing section 
4115, 4215, shown in FIG. 10, are added to the con- 
struction shown in FIG. 7. The frame counters 4116, 

20 421 6 and pattern storing section 41 1 5, 421 5 are identi- 
cal to those in the third embodiment. 

Next, a description is given of signal format with ref- 
erence to FIG. 14. In the fourth embodiment, if the 
transmission data rate is high, pilot symbol 4011, TPC 

25 symbol 4012 and data symbol 4013 are transmitted in 
only the first slot by the same transmission power as 
shown in FIG. 14A. In this case, As shown in FIG. 14B, 
pilot symbol 4001 . TPC symbol 4002 and data symbol 
4003 are transmitted by the same transmission power in 

30 slots including and after the second slot 

Furthermore, if no transmission data is given, pilot 
symbol 4021 and TPC symbol 4022 of the first slot are 
transmitted by the same transmission power as that on 
the commencement of transmission as shown in FIG. 

35 14C, and the transmission power of the data symbol 
4023 is made zero. On the other hand, if no data is 
given as shown in FIG. 14D, pilot symbol 4031 and TPC 
symbol 4032 are spread to the entirety of slot in slots 
including and after the second slot, and they are trans- 

40 mitted by small transmission power in comparison with 
the case shown in FIG. 14A. 

Furthermore, if the data rate is low, pilot symbol 
4041 and TPC symbol 4042 of the first slot are transmit- 
ted by the same power as that on the commencement of 

45 transmission as shown in FIG. 14E, wherein the data 
symbol 4043 is transmitted by small transmission power 
instead of lengthening the symbol time length. Thereby, 
the quality of the data symbol 4043 is made equivalent 
to that of the data symbol 4013. 

so Furthermore, if the data rate is low, pilot symbol 
4061 and TPC symbol 4062 are transmitted by the 
same power as that on the commencement of transmis- 
sion as shown in FIG. 14F, and the data symbol 4063 
may be transmitted by the same transmission power. In 

55 this case, the transmission is brought to an end on the 
way since the data is a little. Thereby, the quality of the 
data symbol 4063 is made equivalent to that of the data 
symbol 4013. 



10 



19 



EP 0 893 889 A2 



20 



Furthermore, if the data rate is low, pilot symbol 
4051 , TPC signal 4052 or data symbol 4053 is transmit- 
ted by the same transmission power in slots including 
and after the second slot as shown in FIG. 14G t and the 
symbol length is processed so that the sum of these 
lengths becomes the slot length. Furthermore, the 
transmission power is adjusted so that the quality of the 
data symbol 4053 is made equivalent to that of the data 

OJIIIWUI TV I O. 

Next, a description is given of the entirety of frame 
with reference to FIG. 15. As shown in FIG. 15A, since 
the data rate is changed when shifting from the first 
frame 4001 being a sound range to the second frame 
4002 being a silent range, a special format is employed 
for the first slot of the second frame. Since the data rate 
is not changed when shifting from the second frame 
4002 to the third frame 4003, no special format is 
employed for the first slot of the third frame. For this rea- 
son, even in a case where no data is given, the trans- 
mission controlling information is able to prevent pulse- 
like signals from being generated. 

Although the data rate is not changed when shifting 
from the third frame 4003 to the fourth frame 4004, a 
special format is employed for the first slot of the fourth 
frame. Thereby, even though the rate judgement is 
made erroneous, the correction can be carried out. 
Since the data rate is changed when shifting from the 
fourth frame 4004 to the fifth frame 4005, a special for- 
mat is employed for the first slot of the fifth frame. Fur- 
thermore, as shown in FIG. 15B, in a case where a 
silent state is continued, the transmission controlling 
information is transmitted at random in the first slot of 
the respective frames by the transmission power which 
is available on the commencement of transmission. 
Therefore, even though the rate judgement is made 
erroneous, the correction can be carried out. 

Although a description was given of a processing 
after the second slot of the transmission frames, the fol- 
lowing processing is carried out with respect to the first 
slot. 

Firstly, the spread controller judges the rate of 
transmission data. If no transmission data is given as a 
result, the transmission controlling information and 
specified pattern data are transmitted by the same 
transmission power as shown in FIG. 16 A. 

Furthermore, the transmission data rate is low, the 
same data as the transmission data is repeatedly trans- 
mitted along with the transmission controlling informa- 
tion. For example, as shown in FIG. 16B, when the data 
rate is one half, the same data symbol is repeatedly 
transmitted two times. At this time, data symbol may be 
reversed at every time, for example, from 0, 1 to 1 , 0. 

By carrying out the abovementioned process, spec- 
ified pattern data is transmitted by an empty section of a 
slot, and the receiving side ensures matching with the 
pattern. Thereby, it can be easily judged that no data is 
given in the receiving frame. Furthermore, by the same 
transmission data being repeated, the receiving side is 



able to judge that the transmission data rate is low. This 
is because, by regularly repeating transmission of the 
same data when the rate is low since the data is trans- 
mitted at random if the transmission data rate is high, it 
5 is possible to clearly distinguish HIGH and LOW of the 
data rate. Furthermore, in addition to the abovemen- 
tioned method, a similar effect can be obtained by trans- 
mitting the transmission controlling information of the 
first slot with a transmission data rate given ihereto. 

10 

(Embodiment 5) 

In the fifth embodiment, a description is given of a 
case where pilot symbol and TPC (power controlling 

is signal) symbol are transmitted while being code-divided 
and multiplexed with respect to data. Thereby, the 
spread ratio of pilot symbols and TPC symbols is 
increased while the power is decreased. Therefore, it is 
possible to prevent the transmission power from being 

20 turned on and off when transmitting the pilot symbols 
and TPC symbols. 

FIG. 17 is a configuration view showing a mobile 
station and a base station of the CDMA communication 
system according to the fifth embodiment. In FIG. 17, 

25 multiplexers 5103, 5203 are provided instead of time 
multiplexers 2103, 2203 in the construction shown in 
FIG. 7. Since the other construction is identical to that 
shown in FIG. 7, the description thereof is omitted. 
A description is given of a transmission processing 

30 of a mobile station of the CDMA communication system 
according to the fifth embodiment which is constructed 
as shown above. Transmission data 1 100 is spread- 
controlled by spread controller 1101. That is, if the 
transmission data rate is low, the data is processed so 

35 that the same has a small amplitude and a long symbol 
length, and if the transmission data rate is high, the data 
is processed so that the same has a large amplitude 
and a short symbol length, wherein pilot symbol 2102 
and power controlling signal 1107 are spread to the 

40 entirety of transmission slot along with the transmission 
data by spread controllers 2113,2114. 

Multiplexer 5103 multiplexes the outputs of the 
abovementioned spread controllers 1101, 2113, 2114, 
wherein the multiplexed output is CDMA-modulated by 

45 CDMA modulator 1104, amplified by transmission 
amplifier 1105, and transmitted through antenna 1106. 
The base station side multiplexes the output of the 
abovementioned spread controller 1201. pilot symbol 
1202, and TPC 1207 when they are transmitted. 

so wherein the multiplexed output is CDMA-modulated by 
CDMA modulator 1204, amplified by transmission 
amplifier 1205 and transmitted through antenna 1206. 

Next, a description is given of signal format with ref- 
erence to FIG. 18 through FIG. 21. Herein, a plurality of 

55 slots are defined to be a frame, and it is assumed that 
the transmission rate is fixed in a frame. 

In the embodiment, pilot symbol and TPC (power 
controlling signal) symbol are transmitted while being 
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code-divided and multiplexed with respect to data. That 
is, as shown in FIG. 18, pilot symbol and TPC symbol, 
the spread ratio is increased with the power decreased 
are placed onto data. 

If no transmission data is given, pilot symbol 5001 
and TPC symbol are spread by code 0 having a com- 
paratively large spread ratio as shown in FIG. 18A. 
Thereby, pilot symbol 5001 and TPC symbol are contin- 
uously transmitted. Therefore, it is possible to make the 
transmission power of the pilot symbol small, wherein it 
is possible to prevent the pilot symbol from being cycli- 
cally transmitted. 

On the other hand, as shown in FIG. 18B, if data is 
given, pilot symbol 5001 spread by code 0 and data 
5002 spread by code 1 are multiplexed. Furthermore, in 
cases shown in FIG. 18A and FIG. 18B, it is assumed 
that the power of pilot symbol is fixed at all times. 

In this embodiment, the phases of pilot symbol and 
TPC symbol may be changed per symbol. That is, as 
shown in FIG. 1 9. phases a to d of pilot symbols 501 1 to 
5014 are changed in one slot in compliance with a pre- 
determined pattern. Thus, by setting so that the phases 
of pilot symbols fluctuate, the cycle of repeating pattern 
can be lengthened. As a result, it is possible to make the 
transmission power of pilot symbols small, and simulta- 
neously it is possible to further efficiently prevent pilot 
symbols from being cyclically transmitted. 

Furthermore, in this embodiment, the power of pilot 
symbols and TPC symbols may be changed in 
response to the transmission rate. That is, in a case 
where the transmission rate of data 5021 is low, the 
power of pilot symbols 5001 is made small as shown in 
FIG. 20 A, and in a case where the transmission rate of 
data 5002 is high, the power of pilot symbols 5022 is 
increased as shown in FIG. 20B. Thereby, the quality of 
signals can be further improved in a case where the 
transmission rate is high, wherein it is possible to lower 
the total quantity of interference in the system. 

Furthermore, in this embodiment data may be 
time-multiplexed by pilot symbols while always transmit- 
ting code-multiplexed pilot symbols and TPC symbols. 
That is, as shown in FIG. 21 A, if no data is given, code- 
multiplexed pilot symbols and TPC symbols are always 
transmitted. On the other hand, as shown in FIG. 21 B, if 
there is data, pilot symbols 5031 spread by code 1 
which spreads data is given to the top of data. There- 
fore, if data is given, the line quality can be further 
improved, and it is posstole to lower the total quantity of 
interference in the system while maintaining the quality 
of data. Furthermore, since the transmission power of 
pilot symbols can be made small, rt is possible to pre- 
vent peripheral devices, which are subjected to receive 
influences from cyclic signals, from being adversely 
influenced. 

Furthermore, since the processing of the base sta- 
tion is identical to that of the first embodiment, the 
description thereof may be omitted. 

With respect to the abovementioned first to fifth 



embodiments, it is possible to constitute the invention in 
various combinations thereof. 

As been made dear from the abovementioned 
description, according to the present invention, even in 
5 cases where the transmission data rate is high, low or 
no transmission data is given, since the transmission 
frame can be transmitted by uniform transmission 
power, generation of specified cyclic pulses can be sup- 
pressed, and it is possible to prevent peripheral devices. 
w which are subjected to receive influences from cyclic 
signals, from being adversely influenced. 

Furthermore, even in a case where the transmis- 
sion data rate is low, it is possible to make the sum of 
symbol lengths of the transmission controlling informa- 
15 tion and transmission data equal to the slot length and 
to transmit the transmission frame by uniform transmis- 
sion power. For this reason, generation of specified 
cyclic pulses can be suppressed, and it is possible to 
prevent peripheral devices, which are subjected to 
20 receive confluences from cyclic signals, from being 
adversely influenced. 

Furthermore, in a case where the transmission data 
rate is low, the transmission may be brought to an end 
immediately after the transmission of the transmission 
25 data of the first slot is finished. In this case, generation 
of specified cyclic pulses can be suppressed, and it is 
possible to prevent peripheral devices, which are sub- 
jected to receive influences from cyclic signals, from 
being adversely influenced. 
30 In a case where no transmission data is given, the 
transmission controlling information and transmission 
data can be spread to the entirety of slot and the trans- 
mission frame can be transmitted by uniform transmis- 
sion power. For this reason, generation of specified 
35 cyclic pulses can be suppressed, and it is possible to 
prevent peripheral devices, which are subjected to 
receive influences from cyclic signals, from being 
adversely influenced. Since it is not necessary to trans- 
mit dummy signals, influences exerted onto the other 
40 users can be suppressed to be low. 

Furthermore, the transmission controlling informa- 
tion and transmission data in slots including and after 
the second slot can be spread to the entirety of slot, and 
the transmission frame can be transmitted by uniform 
45 transmission power. Therefore, generation of specified 
cyclic pulses can be suppressed, and it is possible to 
prevent peripheral devices, which are subjected to 
receive influences from cyclic signals, from being 
adversely influenced. 
so The transmission controlling information is trans- 
mitted by the first slot of the respective frames by the 
transmission power which is available on the com- 
mencement of transmission in only a case where the 
transmission rate is changed, and in a case where the 
55 transmission rate is not changed, the transmission con- 
trolling information and transmission data can be trans- 
mitted by uniform transmission power. For this reason, 
in a case where a silent state is continued, that is, even 
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in a case where no transmission data is given, it is pos- 
sible to prevent frame-by-frame pitch signals from being 
generated, wherein generation of specified cyclic 
pulses can be suppressed, and it is possible to prevent 
peripheral devices, which are subjected to receive influ- 
ences from cyclic signals, from being adversely influ- 
enced. 

Since the transmission controlling information is 
transmitted at random by the transmission power which 
is available on the commencement of transmission in a 
case where transmission is continuously carried out by 
the same transmission power, any erroneous state can 
be corrected even though the transmission rate judge- 
ment is made erroneous when the transmission rate is 
changed. 

Furthermore, since it is possible to carry out pattern 
matching at the receiving side, the receiving side is able 
to easily judge the transmission data rate in the first slot. 

Claims 

1 . A CDMA communication apparatus comprising; 

rate judging means for judging a transmission 
data rate in the first slot of a transmission 
frame; 

level controlling means(1 1 13, 1 1 1 4) for carrying 
out a process by which the transmission power 
of transmission controlling information given to 
the top of each slot in slots including and after 
the second slot is made identical to a transmis- 
sion power of transmission data; and 
transmitting means for transmitting said frame 
processed by uniform transmission power in 
response to said rate judging means. 

2. The CDMA communication apparatus according to 
claim 1, wherein said level controlling means is pro- 
vided with multiplexing means(1 103) for multiplex- 
ing a dummy signal onto the transmission frame in 
a case where no transmission data is given. 

3. A CDMA communication apparatus comprising; 

rate judging means for judging a transmission 
data rate in the first slot of a transmission 
frame; 

spread controlling means(1101) for spreading 
transmission controlling information, which 
constitutes the respective slots including and 
after the second slot, and transmission data to 
the entirety of slot; and 

transmitting means for transmitting a frame 
composed of said slots spread by uniform 
transmission power in response to said judging 
result. 

4. The CDMA communication apparatus according to 



claim 3, wherein said spread controlling 
means(1101) spreads transmission controlling 
information to the entirety of slot in a case where no 
transmission data is given. 

s 

5. The CDMA communication apparatus according 
claim 3, wherein said transmitting means transmits 
transmission controlling information and transmis- 
sion data by the first slot in compliance with the 
10 result of judgement by said rate judgement means 
in a case where the transmission data rate is low 
and controls so as to cut off the transmission imme- 
diately after said transmission data is transmitted. 

is 6. The CDMA communication apparatus according to 
claim 3, further comprising; 

rate change judging means forjudging whether 
or not a transmission data rate is changed; and 

20 transmission controlling means which, if the 

rate is not changed, transmits transmission 
controlling information of the first slot of a next 
frame by the same transmission power as that 
of the frame being transmitted, and which if the 

25 rate is changed, transmits transmission control 

information of the next first slot by the same 
transmission power as that on the commence- 
ment of transmission, in compliance with the 
result of judgement. 

30 

7. The CDMA communication apparatus according to 
claim 6, wherein said transmission controlling 
means transmits, at random, transmission control- 
ling information of the first slot of transmission 
35 frame in a case where transmission is continuously 
carried out by the same transmission power. 

8- The CDMA communication apparatus according to 
claim 1 , wherein said transmission controlling infor- 
40 mation includes a pilot symbol and a power control- 
ling signal. 

9. The CDMA communication apparatus according to 
claim 1, wherein, in compliance with the result of 

45 judgement, if no transmission data is given, trans- 
mission controlling information of the first slot and 
specified pattern data thereof are transmitted by the 
same transmission power, and if the transmission 
data rate is low, the transmission data is repeatedly 

so transmitted while transmitting the transmission con- 
trolling information and transmission data. 

10. A CDMA communication apparatus comprising: 

55 multiplexing means(1103) for constituting a 

frame by multiplexing transmission controlling 
information and transmission data; 
spread means for spreading the transmission 
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controlling information and transmission data 
by different codes; and 

transmission means for transmitting said proc- 
essed frame. 

11. The CDMA communication apparatus according to 
claim 1, wherein said multiplexing means(1103) 
constitutes transmission controlling information by 
patterns constituted with different phases. 

12. The CDMA communication apparatus according to 
claim 10, further comprising; 

transmission power controlling means for con- 
trolling transmission power of transmission 
controlling information in response to a trans- 
mission rate. 

13. The CDMA communication apparatus according to 
claim 10. wherein said multiplexing means(1103) 
gives transmission controlling information to the top 
slot of transmission data. 

14. A mobile station having a communication appara- 
tus, said apparatus comprising; 

rate judging means for judging a transmission 
data rate in the first slot of a transmission 
frame; 

level controlling means(1 113, 11 1 4) for carrying 
out a process by which the transmission power 
of transmission controlling information given to 
the top of each slot in slots including and after 
the second slot is made identical to a transmis- 
sion power of transmission data; and 
transmitting means for transmitting said frame 
processed by uniform transmission power in 
response to said rate judging means. 

15. A base station having a communication apparatus, 
said apparatus comprising; 

rate judging means for judging a transmission 
data rate in the first slot of a transmission 
frame; 

level controlling means(1 1 13, 11 14) for carrying 
out a process by which the transmission power 
of transmission controlling information given to 
the top of each slot in slots including and after 
the second slot is made identical to a transmis- 
sion power of transmission data; and 
transmitting means for transmitting said frame 
processed by uniform transmission power in 
response to said rate judging means. 

16. A CDMA communication system comprising: 

a mobile station having a CDMA communica- 
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tion apparatus according to claim 14; and 
a base station having a CDMA communication 
apparatus according to claim 15. 

17. A CDMA communication method comprising the 
steps of: 

judging a rate of transmission data by the first 
slot of transmission frame; and 
transmitting transmission controlling informa- 
tion and transmission data, which are transmit- 
ted by slots including and after the second slot, 
by uniform transmission power in response to 
the result of said judgement. 

18. The CDMA communication method according to 
daim 17, wherein, in compliance with the result of 
judgement, rf no transmission data is given, only the 
transmission controlling information is transmitted, 

20 transmission controlling information to be transmit- 
ted by slots including and after the second slot is 
transmitted by smaller transmission power than the 
transmission power of the first slot, and a dummy 
signal is transmitted by the same transmission 
25 power as said transmission power. 

19. The CDMA communication method according to 
daim 17, wherein, in compliance with the result of 
judgement, "rf the transmission data rate is low, 

30 transmission controlling information and transmis- 
sion data are transmitted by the f irst slot, and they 
are transmitted by slots including and after the sec- 
ond slot so that the sum of symbol lengths of the 
transmission controlling information and transmis- 
sion data is made equal to a slot length. 
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20. The CDMA communication method according to 
claim 17, wherein, in compliance with the result of 
judgement, if the transmission data rate is low, 
transmission controlling information and transmis- 
sion data are transmitted by the same transmission 
power by the first slot, and the transmission is 
brought to an end immediately after the transmis- 
sion of said transmission data is finished. 



21. The CDMA communication method according to 
claim 17, wherein, in compliance with the result of 
judgement, rf no transmission data is given, only the 
transmission controlling information is transmitted 
so by the first slot, and transmission controlling infor- 
mation to be transmitted by slots including and after 
the second slot are spread to the entirety of slot for 
transmission. 

55 22. The CDMA communication method according to 
daim 17, wherein, in compliance with the result of 
judgement, if the transmission data rate is low, 
transmission controlling information and transmis- 
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sion data are transmitted by the first slot and trans- 
mission controlling information and transmission 
data are spread to the entirety of slot in slots includ- 
ing and after the second slot for transmission. 



30. The CDMA communication method according to 
claim 28, wherein the transmission power of trans- 
mission controlling information is controlled in 
response to transmission rate. 



23. The CDMA communication method according to 
claim 17, wherein, in compliance with the result of 
judgement, if no transmission data is given, trans- 
mission controlling information and specified pat- 
tern data are transmitted by the first slot by the 
same transmission power. 

24. The CDMA communication method according to 
claim 17, wherein, in compliance with the result of 
judgement, if the transmission data rate is low, 
transmission controlling information and specified 
pattern data are transmitted by the first slot, and the 
same transmission data is repeatedly transmitted. 

25. The CDMA communication method according to 
claim 17, wherein tt is judged whether or not the 
transmission data rate is changed, if not changed, 
transmission controlling information of the first slot 
of a next frame is transmitted by the same transmis- 
sion power as that of the frame being transmitted, 
and if changed, transmission controlling information 
of the next first slot is transmitted by the same 
transmission power as that on the commencement 
of transmission. 

26. The CDMA communication method according to 
claim 25, wherein in a case where transmission is 
continuously carried out by the same transmission 
power, transmission controlling information of the 
first slot of transmission frame is transmitted, at ran- 
dom, by the same transmission power as that on 
the commencement of transmission. 



31. The CDMA communication method according to 
claim 28, wherein transmission controlling informa- 
tion is given to the top slot of transmission data. 
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27. The CDMA communication method according to 
claim 17, wherein said transmission controlling 40 
information includes a pilot symbol and a power 
controlling signal. 

28. A CDMA communication method comprising the 
steps of: 45 

constituting a frame by multiplexing transmis- 
sion controlling information and transmission 
data; 

spreading transmission controlling information so 
and transmission data by different codes; and 
transmitting said processed frame. 

29. The CDMA communication method according to 
claim 28. wherein transmission controlling informa- ss 
tion is constituted by patterns constituted with dif- 
ferent phases. 
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